The paper presents the results of hypoeutectic silumin 226 grade and silumin produced on its basis through the addition of V and Mo. Vanadium and molybdenum were added as the preliminary alloy AlV10 and AlMo8 in an amount providing the concentration of 0.1; 0.2; 0.3 and 0.4% V and Mo. TDA curves of tested silumins were presented; regardless of the chemical composition there were similar thermal effects. Pressure castings microstructure research revealed the presence in silumins with the addition of V and Mo phases do not occur in silumin without these additives. These phases have a morphology similar to the walled, and their size increases with increasing concentration of V and Mo. The size of the precipitates of these phases silumin containing 0.1% V and Mo does not exceed 10 microns, while 0.4% of the content of these elements increases to about 80 microns. Tests of basic mechanical properties of silumins were carried out. It has been shown that the highest values of tensile strength R m = 295 MPa and elongation A = 4.2% have silumin containing approximately 0.1% V and Mo. Increasing concentrations of these elements causes a gradual lowering of the R m and A values.
Introduction
In papers [1] [2] [3] [4] [5] [6] [7] [8] [9] the results of silumins with additions of Cr, V, W and Mo were presented. Due to the lack of solubility of these elements in aluminum in the solid state in silumins containing them intermetallic phases are formed significantly increasing brittleness of the alloy. In these papers there is no information about the applicability of these elements in silumins for pressure die casting. Taking into account that the process of heat transfer from silumin to pressure casting die is very intense, it may lead to oversaturation solid solutions of these elements. Therefore, in the Department of Materials Technology and Production Systems of Lodz University of Technology silumins to pressure casting with additions of Cr, V, W and Mo are examinated.
The aim of this study is to investigate the effect of V and Mo on the crystallization, microstructure and mechanical properties of hypoeutectic 226 silumin designed for pressure die casting. Figure 1 shows the Al-V phase diagram. Six peritectic transformations occurs on it. As a result of these transformations phases are formed which parameters are shown in Table 1 . Fig. 1 . Aluminium-vanadium phase diagram [10] 
The solubility of vanadium in aluminum is negligible and amounts to maximum 0.6 wt. % (~ 0.2 at. %). The maximum solubility of aluminum in vanadium is 54 wt. % at a temperature of about 1670°C. From the data presented in Fig. 1 it follows that even a slight addition of vanadium raises the temperature of solidification of Al-V alloy.
Al-Mo phase diagram is presented in papers [11, 12] . From the data presented in it results the lack of solubility of Mo in Al as was in the case of vanadium. The maximum solubility of Al in Mo is 20% at the temperature of ∼2150°C. The phases occurring in the this diagram crystallize mainly due to peritectic transformations. These include phases: Al 12 
Methodology of the research
The preparation of the liquid silumin and tested castings were performed under the production conditions of the Innovation and Implementation Enterprise Wifama-Prexer Ltd., Poland.
To the study 226 silumin was used. This is a typical hypoeutectic silumin to pressure die casting. Silumin was melted in a gas shaft furnace with a capacity of 1.5 tons. The chemical composition of 226 silumin is presented in Table 2 . Silumin was refining within the shaft furnace with use of solid refiner Ecosal Al 113.S. After smelting and refining silumin was deslagged and transported to the holding furnace set near to pressure machine. In the holding furnace to silumin master alloys AlV10 and AlMo8 were added in a quantity such that the concentration of additives in individual melts of at approximately 0.1; 0.2; 0.3 and 0.4% V and Mo. Studies were also carried out for 226 alloy which not contain these additives (chemical composition complies with the Tab. 2). For each variant of chemical composition the housing roller blinds castings were made with predominant wall thickness of 2 mm. Castings were made with using pressure machine with a horizontal cold chamber Idra 700S. Thermal and derivative analysis (TDA) silumin was used to examination of the crystallization process. The TDA method have been used to study the alloys: iron, aluminum, bronze, magnesium and cobalt [14] [15] [16] [17] .
For recording TDA curves of silumin PtRh10-Pt thermocouple placed in the sampler TDA10m-TUL was used [18] . The temperature of silumin poured into the sampler stemmed from the temperature inside the holding furnace (750°C).
The strength tests were carried out on specimens cut from pressure castings of housing. For each tested chemical composition of silumin three specimens were cut from one casting. They had a rectangular cross section with dimensions of 2/10 mm as recommended by the standard [19] . Tensile tests were performed on a Instron 3382 machine using a speed of 1 mm/min. During the tensile tests were determined: tensile strength R m , yield strength R p0.2 and elongation A.
HB hardness tests were performed on Briviskop HPO-2400. We used a ball with a diameter of d = 2.5 mm and a load of 613 N.
Silumin microstructure was investigated on samples taken from pressure castings. Metallographic specimens were etched with 2% aqueous solution of HF and tested at a magnification of ×1000 on metallurgical microscope Nikon Eclipse MA200. Figure 2 shows the TDA curves of 226 silumin. The crystallization process of this silumin was presented in [12, 18] . The presented eutectic mix Al 2 Cu+AlSiCuF he crystallizatio mponents of thi sfer through gmentation. The ilumin containi is shown in centration in th e, as it was in a ectic α + α Al itionally there iCuFeMgMnNi microstructure xtures: triple FeMgMnNi+β. on process show is microstructu the mold e microstructur ing V and Mo a Figure 5 (a-d he microstructu a "pure" 226 silu 9 Fe 3 Si 2 + β an were V and iVMo + β. (Fig. 4) and Mo (Fig. 3) is caused probably by too low temperature of alloy poured into the sampler.
Results

R C H I V E S o
In Table 4 and in Figure 6 (a-c) the results of testing the mechanical properties of the basic silumin and silumin containing 0.1 ÷ 0.4% V and Mo were presented. 
Summary
From the data included in this paper we can draw the following conclusions:
• on the TDA curves of all tested silumins, there are three thermal effects derived from the crystallization successively: α (Al) phase and the eutectic mixture: triple and quadruple, • in the silumin microstructure after the addition of V and Mo phases with morphology similar to the walled crystallize; they do not occur in the "pure" 
